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Enhancing the Operational Resilience of Advanced Reactors with Digital Twins by

Recurrent Neural Networks

Joomyung Lee, Nam Dinh (North Carolina State University)

Linyu Lin, Bikash Poudel, Timothy McJunkin, Vivek Agarwal (Idaho National Laboratory)

With a lack of reactor operation data during system anomalies, the established Both DT-D and DT-P are modeled by recurrent neural networks, while one of three
emergency operating procedures can be biased in characterizing reactor states and different databases (Transient B) is selected as the training data. Transient C is more
identifying the optimal path of recovery from system anomaly. different from Transient B than Transient A.

In this paper, we suggest digital twin (DT) technology and demonstrate two DT functions
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A DT Development and Assessment Process (DAP) is followed to implement and
evaluate DT-D and DT-P:

Pl Rﬁwents Accuracy in diagnosing and prognosing reactor states measured by
root mean square error (RMSE).

Knowledge base: Experimental Breeder Reactor-ll operating procedures and three
simulation databases with different flow anomalies.

o /DT/ gital\twm:\DD}a’thT-P by recurrent neural networks (RNNs) based on a

training database.
Digital twin assessment: Separate assessment with testing databases, including
anomalies of Qﬁerent magnlt/uges, noises, and biased sensor signals.

An accurate DT-D improves the visibility of plant states. An accurate DT-P enhances
the awareness of action consequences and helps ensure operational flexibility to
select optimal options based on preferences from all stakeholders.

Deploy DTs onto autonomous control system of modular and microreactors.
Investigate different modeling approaches and improve the DT DAP.
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